We use generalized Hurst exponents to investigate long-range dependence across countries that have implemented an inflation targeting monetary policy regime and have a floating currency regime.
Introduction
The existence of long-range dependence in asset returns has been an intriguing subject for both academics and market professionals for a long time. According to the weak form 1 of the Efficient Market Hypothesis (WEMH) (Fama, 1970) , all past market prices are fully reflected in asset prices thus the security returns cannot be predicted on the basis of past price changes. On the other hand, according to Mandelbort (1971) and then many others 2 , long memory exists in asset returns and an important problem arises with this existence: Exploiting short memory patterns requires a very active trading strategy and excess returns earned can be smaller than the transaction costs. However, if long memory exists in a market then investors can earn consistent higher returns than in a buy-and-hold strategy. Therefore, short memory is accepted up to some point by the supporters of EMH, but long memory is generally rejected (Lo and Mackinlay, 1999; Lo et al., 2000) .
The presence of long-range dependence brings out several other problems: The investors' preferred investment horizon becomes a risk factor (Mandelbort, 1997) as there may be predictability in the long-term but not in the short-term. The methods used to price financial derivatives (such as the Black and Scholes (1973) model) may not be useful any more. The main option pricing model assumes that there is no predictability 3 . The usual tests based on the Capital Asset Pricing Model or Arbitrage
Pricing Theory (Black et al., 1972 ) cannot be applied to series with long-range dependence. These models are carried out using regression techniques, which assume the absence of serial correlation.
Therefore, under the presence of long-term dependence they have to be adapted.
This study first aims to compare the efficiency of the stock markets in emerging and developed countries in the last decade. This comparison has always been interesting since the emerging capital markets seem to exhibit some properties which are not present in developed markets such as investors'
1 Other forms are semi-strong efficiency, where the information set is all public known and the strong efficiency, where prices reflect all kinds of information (public and private).
2 See Fama and French (1988) ; Lo and Mackinlay (1988) ; Poterba and Summers (1988) ; Brock et al. (1992); Cochran et al. (1993) . 3 For example, Kyaw et al. (2006) states that the Black-Scholes' (B-S) Geometric Brownian Motion (GBM) assumes
Fickian neutral independence of the returns innovations whereas late empirical researchers observe non-Fickian degrees of persistence in the financial markets. Jamdee and Los (2007) demonstrates how such long memory phenomena change European option values compared to the B-S' GBM assumption.
slow reaction to new information, the effect of foreign capital flow 4 and possible severe effects of nonsynchronous trading (Cajueiro and Tabak, 2004a) . Moreover, since the recent 2008 financial crisis, originated in the US and then spread to almost all markets in the world, emerging countries have been of vital importance to global economy for the heightened expectation about their dominance in the international arena and currently, they are seen as the driving force of the world economic growth.
5
The other main objective of this study is to examine the efficiency behavior of the exchange rates (vis-a-vis US dollar) of these countries. As in the case of stock markets, the long-range dependence in exchange rates has been a subject of extensive research for a long time. Their dynamics are crucial for the design of policy making, portfolio construction and risk management as they are the key determinants of macroeconomic performance and foreign investments.
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An efficiency comparison between emerging and developed countries would literally involve all countries in the world, therefore, we apply two filtration processes at the stage of choosing countries to be investigated: The significant effects of monetary policy goals on stock market efficiency has been widely studied and well documented in the literature (Rozeff, 1974; Hancock, 1989; Conover et al., 1999; Bomfim, 2003; He, 2006; Ioannidis and Kontonikas, 2008; Basistha and Kurov, 2008; Bjornland and Leitemo, 2009; Kholodilin et al., 2009; Kurov, 2010; Laopodis, 2013) . In this study, to get rid of the possible effects of different monetary policy goals (such as inflation targeting, exchange rate targeting, constant growth in money supply and etc.) on market efficiency, we restrict ourselves to the emerging and developed countries that implement inflation targeting. Another restriction of ours is that a country to have floating currency regime. The reason lies within the fact that a currency's value is allowed to fluctuate and determined according to the market conditions (or at least central banks intervene at minimum level) in a floating currency regime, thus analyzing the long-range dependence in exchange rates of these countries actually makes sense. For the currency regimes other than free-float, interventions may change the dynamics therefore may cause long memory. Overall, we focus on the countries that implement inflation targeting and have floating currency at the same time. Although 4 Emerging market hedge fund capital reached a record new level in the first quarter of 2011 of $121 billion.
5 According to International Monetary Fund (IMF), after the crisis, emerging economies have an annual percentage growth rate of GDP around 6%, while this is around 1% for developed economies.
6 Over a trillion dollars in foreign exchange trades take place every day.
such a filtration provides a robust framework, it also eliminates some of the popular emerging stock markets such as Russia, China and Argentina; and also developed ones like US and Japan. Therefore, a detailed comparison of market efficiency involving a wider range of countries is also presented in the discussion part of our study.
From the methodological point of view, this study mainly uses the Hurst exponent to measure longrange dependence. First part consists of a static approach then next, two time-varying approaches are applied to help see a more clear picture. For increased robustness in estimations, we use the generalized Hurst exponent (GHE) introduced by Barabasi and Vicsek (1991) instead of the popular R/S statistics (Hurst, 1951) 7 . GHE combines sensitivity to any type of dependence in the data and simplicity. Furthermore, since it does not deal with max and min functions, it is less sensitive to outliers than the popular R/S statistics (Di Matteo et al., 2005) . Besides, it is a stylized fact that the stock returns are not normally distributed and are heavy-tailed. Barunik and Kristoufek (2010) study how the sampling properties of the Hurst exponent estimate change with non-normal distributions and fat tails by comparing the R/S analysis, multifractal detrended fluctuation analysis, detrending moving average and the generalized Hurst exponent approach. They show that GHE is robust to heavy tails in the underlying process and provides the lowest variance.
Regarding the methodology and outcomes of the study, we contribute to the literature in at least four ways: First, the estimated Hurst exponents and the derived conclusions are more robust compared to several other studies in the literature due to the estimation technique. Moreover, robustness increases even further by our country selection process as it eliminates monetary policy and currency regime effects. Second, in addition to a common static analysis, we implement two time-varying analyses with a rolling sample approach. Therefore, we do not have to use a strict cutoff date which is usually subject to criticism. Third, the study considers a time interval including the recent 2008 financial crisis so the effects of the crisis on market efficiency can be observed. Fourth, several studies deal with either stock market or exchange rate efficiency. Moreover, they usually consider limited set of countries. In this study, we perform an efficiency analysis of both stock markets and exchange rates that covers 17 countries in the first part of our analysis, and an additional 15 countries in the second part, that yields to 32 countries and 64 important economic-financial variables in total.
7 See also Matteo (2007) .
Empirical evidence presented so far suggests that long-range dependence may be a characteristic of both exchange rates and stock markets. Furthermore, according to studies using a data set from pre-2008 crisis, emerging markets have become less inefficient in time but they are still more inefficient than developed markets. For our initial specific set of countries (inflation targeting/floating currency), we show that this situation has changed in the last decade mostly due to their price behavior in the post-crisis period; however the same cannot be said for exchange rates. For the additional set of countries we find weaker results.
The rest of the paper is organized as follows: Section 2 gives a brief literature review on long-range dependence in stock markets and exchange rates. Section 3 explains the methodology used in this study. Section 4 presents the data and the results for both static and dynamic approaches. Section 5 extends the analysis by investigating several other countries in addition to our pre-defined set, and discusses the similarities and differences. Finally, Section 6 offers a brief conclusion.
Literature Review
The literature provides mixed evidence regarding the existence of long-range dependence in international stock markets. Cheung and Lai (1995) analyzed 18 countries and found little support for long memory in international stock returns. Regarding emerging markets, Wright (2001) finds considerable serial correlation in addition to long memory. Henry (2002) investigated long run dependence for 9 international stock index returns and provided evidence of long memory for the German, Japanese, South Korean and Taiwanese stock indexes. Los (2000) used non-parametric methods to test the efficiency of Asian stock markets (Hong Kong, Indonesia, Malaysia, Singapore, Taiwan, and Thailand) and found that none of the markets was stationary or showed independent innovations. Sadique and Silvapule (2001) employed several tests for long-range dependence and found evidence of it for the Korean, Malaysian, Singapore and New Zealand stock returns but rejected its presence for the Japanese, US and Australian stock returns. Rejeb and Boughrara (2013) analyzed 13 emerging economies from January 1986 to December 2008. Cajueiro and Tabak (2005a) study long-range dependence in volatility for equity markets and find differences among Asian and Latin American countries, with the latter being more inefficient. Kristoufek and Vosvrda (2013) finds using a comprehensive database that least efficient equity markets are from Latin America 8 Overall, research showed that there is an increased stock market efficiency in recent years for a variety of economies.
Mixed results are also present regarding the long-range dependence in exchange rates. Urrutia (1992) found that for the British pound, German mark, Japanese yen and Swiss franc, the random hypothesis could not be rejected. On the other hand, Cheung (1993) suggested that major exchange rate series display evidence of long-range dependence. Liu and He (1991) rejected the random walk hypothesis for Asian foreign exchange rates. Barkoulas et al. (1999) found evidence of long-range dependence for the returns in foreign currency futures prices. Los (1999) presented non-parametric tests for the efficiency of Asian currency markets where he found that no Asian currency was completely efficient in the 1997 Asian financial crisis, except the Japanese Yen. Jin et al. (2006) , using a wavelet OLS estimator, found that 14 out of 19 exchange rate series display evidence of long memory dynamics.
The authors also showed that most exchange rates present anti-persistence.
Long-range dependence analysis by Hurst exponent
The use of Hurst exponent in market efficiency analysis has become very popular in the last decade and several authors have proposed to use it as a measure of long-range dependence in stock markets. In particular, using modified R/S analysis, Howe et al. (1999) examined the equity markets of Japan, Australia, Hong Kong, Singapore, Korea, and Taiwan. They found no evidence of long term dependence in the returns of these markets (see also In and Kim (2006) for the Australian case). Cajueiro and Tabak (2004a) found that emerging markets have become more efficient over time except
Brazil, Philippines and Thailand. In another study (Cajueiro and Tabak, 2004b) , authors tested for long-range dependence and efficiency in stock indexes for 11 emerging markets and also for the US and Japan. They found that Asian equity markets show greater inefficiency than those of Latin America, and that developed markets rank first in terms of efficiency.
Di Matteo et al. (2005) studied the scaling properties of daily foreign exchange rates and stock market indexes. For stock markets, they found that emerging markets show persistent characteristics whereas developed markets are mean-reverting. Authors also found that exchange rates present persistence in general. Tabak and Cajueiro (2006) analyzed inefficiency for 10 euro bilateral exchange 8 See also Kristoufek and Vosvrda (2014a,b) .
rates. They found that US, Canadian and Singapore dollar are amongst the most efficient currencies, while Japanese yen and Swedish Krona are amongst the most inefficient. Lima and Tabak (2007) tested the random walk hypothesis for exchange rates of emerging markets that have recently adopted floating exchange rate regimes. Their result supported the random walk hypothesis on both a daily and weekly frequency. Furthermore, they presented evidence of structural breaks. Cajueiro and Tabak (2006) presented empirical evidence of short and long-run predictability in stock returns for European transition economies and they found that this long-range dependence was strongly time-varying. Lim (2007) found that among several emerging and developed markets, US market is the most efficient while Argentina is at the end of the ranking and concluded that market efficiency evolves over time. Cajueiro and Tabak (2008) Sensoy (2013a,b) ). Goddard and Onali (2012) analyzed the daily log returns for the indexes of 11 stock markets of developed countries and showed that several of the smaller stock markets by capitalization exhibit evidence of long-range dependence (See also Sensoy and Tabak (2015) ). Horta et al. (2014) Although there are some mixed results on a country level basis, empirical evidence suggests that long-range dependence exists in exchange rates and stock markets. Furthermore, according to studies using a data set from pre-2008 crisis, there is an increasing trend in the efficiency of emerging markets, however they are still less efficient than developed markets.
Methodology
Several methods have been proposed to analyze the long range dependence phenomenon. 9 In this study, we are interested in the degree of long-range dependence of a given stochastic process S(t) with t = (1, 2, ..., ∆t) defined over a time window ∆t with unitary time steps (Di Matteo et al., 2005) and we use H(q) as a measure of long-range dependence.
10 It is a generalization of the approach proposed by Hurst (1951) and it may be evaluated using the q th -order moments of the distribution of increments, which is a good characterization of the statistical evolution of S(t) (Di Matteo et al., 2005) ,
where τ can vary between 1 and τ max and < ... > denotes the sample average over the time window.
11 H(q) is then defined for each time scale τ and each parameter q as
H(q) is computed from an average over a set of values corresponding to different values of τ max in Eq.
(1) (Di Matteo et al., 2005) . 12 For any value of q, H(q) = 0.5 means that S(t) does not exhibit long-9 See Taqqu et al. (1995) and Calvet and Fisher (2013) for a survey of these methods. 10 In financial applications, S(t) is the log-prices for both stock markets and exchange rates.
11 For q = 1, Eq.(1) describes the scaling behavior of the absolute increments and it is expected to be closely related to the original Hurst exponent. Therefore, in this work, we focus on the case q = 1. For q = 2, Kq(τ ) is proportional to the autocorrelation function C(t, τ ) =< S(t + τ )S(t) >. As a robustness check, we also repeat our analysis using q = 2. The results are very similar, therefore not reported in this manuscript. However, graphical representation is given in Figure A .2 in Appendix A.
range dependence, while H(q) > 0.5 and H(q) < 0.5 implies that S(t) is persistent and mean-reverting respectively.
13,14,15,16
Calculation of the standard errors
We employ a post-blackening approach to estimate the standard errors of the H(1) estimates following Grau-Carles (2005) and Tabak (2008, 2009); Cajueiro and Tabak (2010) and Souza et al. (2008) .
We follow this approach to filter for short-term memory in the calculation of the Hurst exponents (long-term memory). Therefore, we filter out possible influences on the long-term memory parameter as it is usual in the literature. The methodology can be summarized as follows:
1. Obtain the log-returns r(t) from log-prices.
2. Do the pre-whitening by estimating an AR(p) model for log-returns with p sufficiently high (we take p from 1 to 30). The order of the AR is estimated through the Akaike information criteria.
3. Obtain the residuals (t) of the AR model from the historical sequence.
13 Processes with a scaling behavior of (2) may be divided into two classes: (i) unifractal processes that H(q) is independent of q, i.e. H(q) = H or (ii) multifractal processes that H(q) is not constant and each moment scales with a different exponent. Previous research Tabak, 2004a, 2005b; Di Matteo et al., 2005) show that financial time series exhibit multifractal scaling behavior. If multifractality exists in stock returns then models such as in the work of Calvet and Fisher (2002) may be used for forecasting, which are competitors to ARCH and GARCH models (Di Matteo et al., 2005; Cajueiro and Tabak, 2010 ).
14 As explained by Di Matteo et al. (2005) , methodology assumes that the scaling properties associated with a given time series stay unchanged across the observation time window T . However, it is well known that financial time series show dependencies on T such as the presence of a linear drift µt added to a stochastic variableS(t) (i.e. S(t) =S(t)+µt) withS(t) satisfying Eq. (2). We apply the methodology toS(t), and to obtainS(t), we evaluate µ from the relation < S(t + τ ) − S(t) >= µτ and subtract this linear drift.
15 As an alternative, one could use the exponentially weighted window generalized Hurst exponent (Morales et al., 2012; Morales, 2013) which assigns larger weights to more recent events with respect to older ones. According to Morales et al. (2012) , large fluctuations in the remote past are less likely to influence the recent past in this way. On the other hand, such an approach requires the arbitrary selection of weighting parameters therefore is not preferred in our study.
16 Using Hurst exponent adds to the use of conventional techniques (e.g., variance ratio tests, simple measures of autocorrelation) to measure market efficiency. For example, autocorrelations cannot detect non-linear temporal dependence in a series. Moreover, it is sensitive to structural breaks like mean or volatility shifts. On the other hand, the other alternative, variance ratio tests assume normality in the data. Moreover, these tests are asymptotic so that for a finite sample the sampling distributions of the test statistics are approximated by their limiting distributions. Lo and MacKinlay (1989) analyze the finite sample performance of the variance ratio and find that for small samples the null distribution is right skewed and under rejects in the left tail. This can result in misleading inference if the sample size is too small (for example when using low frequency data) to justify the asymptotic approximations (Cecchetti and Lam, 1994) .
Obtain the simulated innovations by bootstrapping (t) using the circular block bootstrap
17 (Politis and Romano, 1992) , where the choice of block length is given by the rule provided by Politis and White (2004) .
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5. The post-blackening is made, adding the innovations series generated by bootstrap to the model whose parameters were generated in the pre-whitening, to obtain the synthetic log-return series.
6. The synthetic log-prices are recovered recursively from bootstrap samples of synthetic logreturns.
7. For each synthetic log-prices, the H b (1) is estimated.
We run 100 bootstrap samples and estimate Hurst exponents for them. Then the standard deviation S(H b (1)) of these Hurst exponents is taken as a proxy for the standard error of generalized Hurst exponents. At the end of the process, the Wald statistic W , which has a χ 2 1 distribution Tabak, 2008, 2009; Souza et al., 2008) , is given by W = (
We employ the Wald statistic to test whether the Hurst exponent is statistically different from 0.5 (absence of long-term memory). 
Data and Results
In the first part of our study, we consider daily prices of stock markets and exchange rates of all 17 At this stage, Cajueiro and Tabak (2008 , 2010 use moving block bootstrap.
18 We use the corrected version in 2009.
19 As much as this kind of an approach is a sound method to test significance of deviations of H from 0.5, we have to point out the fact that it is not strictly conclusive to detect long memories and therefore market efficiency according to recent studies (Bassler et al., 2006; McCauley et al., 2007; Bassler et al., 2008) . Indeed, Barunik et al. (2012) show that in some special circumstances significant deviations from 0.5 can be observed in processes with no memory such as shuffled series. Instead of long memory, the effects of fat tails and multifractality could also be of relevance in this context, see Barunik et al. (2012) ; Morales et al. (2012) .
20 Futures prices for exchange rates could also be used to perform this study. In this case other characteristics should be taken into account such as maturity structure, market depth and liquidity, markets in which they are trader among others.
Israel, Mexico, Philippines, Poland, South Africa, South Korea and Turkey as emerging markets.
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The relevant information about them are given in Table 1 .
Static approach
We consider 3 different time intervals. The first one covers the whole sample period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) .
On the other hand, catastrophic events occurred in the financial markets all around the world during this time interval, thus we split it into two part omitting In these figures, stock markets and exchange rates are ordered from left to right in ascending order of
First thing to notice is that H(1) is closer to 0.5 in emerging stock markets compared to developed ones in period 2 and all the time. However, is not that clear that emerging markets have become more efficient than developed markets in the last decade, especially after the 2008 crisis. When it comes to deviation from 0.5, in general H(1) < 0.5 for developed and H(1) > 0.5 in emerging markets revealing that while developed markets are mean-reverting, emerging markets have persistent characteristics.
For the exchange rates, the situation is different: H(1) > 0.5 systematically in period 1, which is consistent with the previous results of Di Matteo et al. (2005) and Muller et al. (1990) , however in period 2, H(1) < 0.5 in general, which can be a sign of structural change after the 2008 crisis. Also, we observe that H(1) is closer to 0.5 in developed markets suggesting that their exchange rates are more efficient. We estimate AR(p) using data for period 1 and then obtain the Hurst coefficient for period 1 in the original submission. Similarly, we estimate AR(p) using data for period 2 and then obtain the Hurst coefficient for period 2. The same is done also for the full sample. Ranking SM and FX according to their Wald statistics We find evidence of long-range dependence in stock markets of Chile, New Zealand, UK and Switzerland in period 1, and Chile, New Zealand, Sweden, Norway and South Africa in period 2.
Considering each time period, it can be concluded that the least inefficient markets are Israel, Australia, Mexico and South Korea. These results indicate that emerging markets have been less inefficient than developed markets in the last decade. We can also infer the adverse effect of the 2008 crisis on efficiency from the increased number of markets that efficiency is rejected in the all time period.
As far as exchange rates are concerned, we find that efficiency is strongly rejected mostly in emerging countries. Also, considering the ordered Wald statistics for FX, it is well understood that exchange rates of developed countries are less inefficient.
Other important observations are the followings: (i) In each time period, only Chile is found to have long-range dependence in both its stock market and exchange rate; (ii) while stock market of
Norway is one of the least inefficient ones in period 1, it is one of the most inefficient in period 2 and finally, (iii) although stock market of Israel is the least inefficient in all time, its exchange rate is the second most inefficient in the same time period.
Robustness check
The numerical stability and the accuracy of the estimation of H(1) were well studied previously by Di Matteo et al. (2003) and Barunik and Kristoufek (2010) with the help of several Monte Carlo simulations, so they are not of interest in our case. In this part, we test the robustness of our standard errors (which we use for hypothesis testing) using the Jackknife method (Kunsch, 1989) following the steps of Di Matteo et al. (2005) : We take out randomly 10% of the sample, estimate H(1) and iterate this procedure 10 times where each time we take out the data which were not taken out previously.
We observe that the mean value of H(1) from the Jackknifed sample is very close to the originally estimated H(1) and, max and min values of H(1) of the Jackknifed samples usually stay in the interval defined by H(1)±standard errors (see Figure 1 , Figure 2 and Specifically, in 84% and 91% of the time, Jackknife fluctuation interval stays within H(1)±standard errors for SM and FX respectively which refer to high success ratios.
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24 We repeated the same Jackknife procedure with taking out 5% of the sample and iterating the procedure 20 times.
In that case, the new success ratios are 87% and 93% for SM and FX respectively.
Dynamic approach
In this section, we use a rolling sample approach instead of analyzing different periods. Therefore, we do not have to use a strict cut off date which is usually subject to criticism. Even an important event occurs such as a financial crisis, it may take a long time for its full effect to take place. Similarly, possible structural breaks 25 must be taken into account when analyzing financial time series, since arbitrarily chosen sub-samples or non-overlapping intervals could not capture this dynamic 26 .
Approach 1
Recent studies using rolling window approach revealed that market efficiency evolves over time. We choose a 4 year (1009 observations) time-window (that shift one point at a time) since it corresponds to the duration of political cycles in most of the countries under our study and it is large enough to provide satisfactory statistical significance. 27 In this approach, H(1) is estimated in each rolling window, which eventually produces a collection of H(1) for each stock market and exchange rate at the end of this process. Then, as in the work of Cajueiro and Tabak (2004b) , we give a ranking of both stock markets and exchange rates based on the distance between 0.5 and medians of their H (1) collection (see Table 3 for the rankings together with the descriptive statistics). Time-varying H(1)s are presented in Figure 3 .
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The rankings presented in Table 3 strengthen our conclusion from the first part; least inefficient stock markets are of Mexico's, South Korea's, Czech Republic's and Israel's whereas four out og the seven developed markets belong to the most inefficient class. This is another evidence for emerging stock markets being less inefficient then developed ones in the last decade.
For these rankings to be meaningful, medians must be significantly different from each other, so we perform a multiple median comparison test. For stock markets, the results are given in Figure 4 . 26 We estimate dynamically the AR(p) for each rolling sample.
27 The analyses were also performed with 2 and 3 year time windows. The qualitative results are almost indistinguishable, therefore they are not presented here. 28 In order to check whether these time-varying H(1)s are due to noise, we performed Jarque-Berra and Shapiro-Wilk normality tests and the results strongly suggest that these parameters are not normally distributed. Time varying H(1) for stock markets and exchange rates continued. For both SM and FX, ordering from top to down is in descending order of efficiency (i.e. ascending order of the distance between 0.5 and median of time-varying H(1)).
Chile (E)
Poland (E) New Zealand (D)
Philippines (E) Turkey (E) Israel ( For the exchange rates, median ranking gives us consistent results with our conclusion from the first part; six out of the seven most efficient exchange rates are of developed countries.
Interesting observations can be obtained from Figure 3 : It is clear that the 2008 crisis has had an adverse effect on efficiency of all stock markets. 29 However, after the crisis, most of the emerging markets recovered in terms of improved market efficiency, whereas this recovery was very slow or did not even happen for developed stock markets. On the other hand, one can see that time-varying H(1)
for exchange rates are very stable in developed countries while same cannot be said for emerging ones (except Turkey).
Approach 2
In this section, we use a dynamic approach similar to those of Zunino et al. (2007); Lim (2007) and Lim et al. (2008) : We choose a 4 year time-window that shift one business month (22 points) at a time. 30 For each window, we calculate H(1) and its standard errors (by post-blackening bootstrap) then obtain the Wald statistic W , and we call a window "significant" if efficiency is rejected using the Wald statistic. 31 Finally, the ratio of the number of insignificant windows to the total number 29 Similar effect of the 1997 Asian crisis on efficiency of Asian stock markets was demonstrated by Lim et al. (2008) . 30 The choice of 22 points at a time is solely due to computational efficiency.
31 For each window, we repeat the procedure in sub-section 3.1. of windows gives us a proxy for efficiency. Rankings of stock markets and exchange rates, which are based on this proxy, are presented in Table 4 .
Regarding the stock markets, the ranking is consistent with the one obtained in the previous dynamic approach. For the exchange rates, although the ranking differs a little with the one in the previous dynamic approach at country level, the general conclusion is the same and it states that exchange rates of developed markets are the most efficient.
Discussion
In the first part of our analysis, we restricted ourselves into a set of countries with the same monetary policy and currency regime in order to construct a robust framework. However, interested readers may still wonder whether the results of a similar comparison for the stock markets and exchanges rates of the remaining noteworthy countries. In this part, we extend our analysis even further by investigating the long-range dependence in the markets of additional 15 countries (5 developed and 10 emerging markets). 32 The list of the stock markets and exchange rates in the additional analysis are presented in Table 5 . For the comparability of the results, we consider the previously used time interval (Jan 2003 -Jan 2013 in this section. Regarding the methodological part, we limit ourselves to the dynamic approach presented in the sub-section 4.2.2.
For both stock markets and exchange rates of the additional countries, Figure 5 presents the timevarying H(1) with a black curve. Figure 5 also displays the dynamic rejection status of efficiency by blue and red markers which they denote the rejection of efficiency at 5% and 1% significance levels respectively. Similar to Table 4 , Table 6 presents the efficiency rankings for the additional countries.
As in the previous set of countries, we observe that both stock markets and exchange rates have different degrees of time-varying long-range dependence and adverse effect of the global financial crisis on market efficiency is clearly visualized in Figure 5 . Moreover, efficiency rankings of the exchange rates presented in Table 6 strengthen our previous conclusion as the top four in this list belong to our additional developed countries. Similarly, exchange rates of emerging markets perform much worse compared to developed markets in terms of efficiency.
Regarding the efficiency of stock markets, the new results are not as clear as the previous picture.
As in the first part of our analysis, top two performers in terms of efficiency are emerging markets.
However, the performances are not clearly distinguishable this time as the top six performers are equally distributed among emerging and developed markets, and they all have efficiency ratios above 90%. Therefore, validity of the previous conclusion about the efficiency of developed and emerging stock markets is limited in this case. For a complete picture, Table A .4 in Appendix A presents the rankings of the combined lists in Table 4 and Table 6 .
Exchange rates against another currency?
In our analysis, we use the exchange rates against US dollars to investigate efficiency of currencies.
However, interested readers may ask that if the currency is found inefficient, is it because of the actual currency or because of USD dollar?
To look for an answer to this question, we apply the dynamic approach presented in the subsection 4.2.2 using 4 year rolling window that shifts a business week (5 days) at a time. In this case, 32 However, we still do not include any country from the Eurozone due to its unique structure. 1. In type column, "D" and "E" stands for developed and emerging respectively and "SM" stands for stock market. *: US dollar index is a measure of the US dollar value relative to a basket of six major foreign currencies. It is calculated as 50.14348112 × (U SD/EU R) 0.576
. An increase in the US dollar index indicates US dollar appreciation against other currencies in the basket. Black curves are the time-varying H(1) obtained from a 4 year length rolling window. Blue and red markers denote the rejection of efficiency at 5% and 1% significance levels respectively. continued. 
Peru ( 
Taiwan ( the a good currency alternative to be used is the special drawing rights (SDR), an international reserve asset created by the IMF in 1969 to supplement its member countries' official reserves. However, for a considerable number of our sample currencies, SDR data is not available. Therefore we use the euro, the second most actively traded currency in foreign exchange markets and an important reserve currency to hold for monetary emergencies, as the benchmark. The results are presented in Table 7 , separately for the first and second set of countries.
For the first set of countries (inflation targeting; i.e. IT), results using the euro as the benchmark currency corroborate our findings using the US dollar. Developed economies have the highest (UK) and also the second highest (Canada) exchange rate efficiency rankings, and the average proportion of insignificant windows is 86.55% for developed economies, whereas it is 74.10% for emerging markets.
However, when we evaluate these results using the second set of countries (non-IT), results are reversed and the average number of insignificant windows is 66.91% for developed economies, whereas it is 72.34% for emerging markets. The results combined suggest that developed economies are more efficient (78.37%) than emerging markets (73.22%).
However, it also suggests that the adoption of IT may have some influence on the efficiency of exchange rates. Our paper is the first to present that efficiency results vary according to the level of 
Israel ( 
Taiwan ( development and adoption of IT. Nonetheless, further research is needed to exploit these differences and enhancing our understanding on which specific characteristics for all these countries may have an impact on efficiency.
Conclusion
Market efficiency is a vital concept that is not easy to test empirically. Therefore, we use the generalized Hurst exponents to measure the long-range dependence in stock markets and exchange rates of emerging and developed countries with a data set from 2003 to 2013. Efficiency of both stock markets and exchange rates are important for policy making, portfolio construction and risk management and the increasing importance of emerging countries to global economy after the 2008 crisis makes this comparison essential. In this study, we first focus on the inflation targeting countries with floating currencies (first set) to control for the effects of different monetary policy goals and currency regimes on market efficiency, which helps us to construct a robust framework. Then, we extend our analysis to a widened set of countries (second set).
Previous findings concluded that emerging markets are becoming less inefficient in time but they are still more inefficient than developed markets. We wanted to see if the global financial crisis of 2008 caused a change regarding this relationship. First of all, we observed that both stock markets and exchange rates in our analysis have different degrees of time-varying long range dependence and the crisis had an adverse effect on their market efficiency almost without an exception.
Regarding the first set, after the crisis, most of the emerging stock markets recovered in terms of improved market efficiency, whereas this recovery was very slow or did not even happen in developed markets. We performed several tests revealing that in the last decade, these emerging markets have been less inefficient than developed markets, possibly due to the their fast recovery during the postcrisis period.
The new structure suggests that stock prices in emerging markets belonging to the first set highly reflect available market information in the majority of the post-crisis era and present low predictability levels. This result favors investment in these countries if a buy-and-hold strategy is to be used.
The improved efficiency of these emerging stock markets also provides beneficiaries in risk management since in the new structure, an eventual shock tends to disappear faster in these stock markets compared to developed ones. On the other hand, exchange rates of these emerging markets can not show a superior performance in terms of efficiency as their stock markets did for the first set of countries. For all time periods in this sample set, exchange rates of developed countries are less inefficient than of emerging countries.
One possible reason for this case is that although both type of countries use floating currencies, central banks act more actively in open market operations in emerging countries since they are subject to severe capital inflows/outflows and also carry a currency risk. Moreover, there is a significant liquidity difference between the currencies of developed and emerging markets, which alters the efficiency dynamics of these series. This outcome brings out a dilemma for long term international investors as from the view point of a buy-and-hold strategy, these emerging stock markets are the right choice however, the high degree of long memory in their exchange rates against US dollar complicates the situation.
Another observation is that while developed stock markets are mean-reverting, emerging markets show persistent characteristics. This finding is mostly consistent with the previous results, however, an interesting result is the following: In the pre-crisis period, exchange rates usually show persistent characteristics. We reveal that this situation has changed after the crisis; exchange rates in the first set are mean-reverting in general which suggests a structural change. This change may enable researchers in a world of floating exchange rates to concern with the determinants of the short-run deviations from the course of the purchasing power parity and thus able them to make sensible and serious inferences in both theoretical and policy oriented studies.
Then, we enlarge the dataset in our analysis by including several other markets to reveal the similarities and differences in their long-range dependence structure. For this second set of countries, most of the conclusions are still valid, however, there are some deviations from the original results in the efficiency performances of emerging and developed stock markets: For the first set, the superiority of emerging stock markets to developed ones were crystal clear in terms of efficiency. For the second set, although the top two performers are still emerging markets, the difference between developed and emerging markets is not clearly distinguishable. At this point, the different pictures for the first and second country sets emphasize the role of monetary policy/currency regime on stock market efficiency even further, and bring out motivation for possible future studies on the subject. On the other hand, regarding exchange rate efficiency, when we use the euro instead of US dollar as the benchmark, our findings still hold for the first set (IT) of countries. Thus, developed market currencies are more efficient. However, results are reversed for the second set (non-IT) of countries and they suggest that the adoption of IT may have some influence on the efficiency of exchange rates.
Finally, we present efficiency rankings for both stock markets and exchange rates under several approaches. We hope that the results of this study provide deep help to many investors and policymakers. Further studies could focus on explaining the potential causal effects that generate inefficiency in currency markets. This could emerge due to differences in expected macroeconomic variables such as interest rates differentials or economic growth.
An additional very important question that is left for further studies is to enhance our understanding of why for some countries equity markets can be efficient, whereas currency markets may be inefficient, or otherwise. There are several factors that may play a role to explain these results but it requires a more comprehensive study with additional analysis of several macroeconomic and microeconomic variables. This is an important issue for further research. Significance level is taken to be 10% for the Wald statistic.
Orderings from top to down are in ascending order of inefficiency. Time varying H(2) for stock markets and exchange rates continued.
